Simulation of wave propagation problems for automated non-destructive characterization of material parameters and defects by Vandekerckhove, Steven et al.
Rubik’s Cube c© used by permission of Seven Towns Ltd. www.rubiks.com
Simulation of wave propagation problems for automated
non-destructive characterization of material parameters and defects
Steven Vandekerckhovea, Herbert De Gersemb, Koen Van Den Abeelea, Stefan Vandewallec
aKU Leuven - Kulak - Wave Propagation and Signal Processing
aTechnische Universita¨t Darmstadt - Institut fu¨r Theorie Elektromagnetischer Felder
cKU Leuven - Department of Computer Science
Abstract
The majority of Non-destructive testing (NDT) techniques is
based on the emission and reception of acoustic, electromag-
netic or elastic waves. During the wave propagation, informa-
tion about the sample’s material properties and about the posi-
tion, shape and orientation of internal defects is gathered in the
reflections/transmissions and in the spectral content, including
higher harmonics, of the measured signal. The decoding pro-
cess to extract this information can however be extremely te-
dious. In order to automate the process, the characterization
of the defect can be formulated as an inverse problem related
to the forward wave propagation problem. The properties, de-
scribed by control parameters, of a trial defect need to be opti-
mized such that the calculated output signals match the mea-
sured ones. This problem is generally considered as unman-
ageably complicated. Instead, in the NDT community, there is
a large, accumulated know-how on the semi-heuristic interpre-
tation of tomographic images. Both approaches have their lim-
itations in accurately finding the desired properties of defects.
Hence we aim to develop hybrid methods. In our work, we ob-
serve recent progress in scientific computing which motivates
to address the inverse problem directly by using an adjoint-
based optimization package (dolfin-adjoint [1]) and the dis-
continuous Galerkin finite element method (implemented using
FEniCS [2]).
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The inverse problem can be expressed as
min ‖q(t)− qmeasured(t)‖
subjected to
q˙ +∇ ·F (q) = f
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